Summary. The 
Introduction
A high frequency of centric fusions (Robertsonian translocations) has been described in several species of domestic animals (Bruère, 1974b) . For this reason it has become increasingly important to understand both their effects on fertility and their role, if any, on the development of these species. Because of the slow generation period of our domestic animals the accumu¬ lation of data that can be used for these purposes may take many years. However, there is mounting evidence that in some species centric fusions do not have a significant effect on total reproductive fitness. This has been demonstrated from accumulated breeding data and from normal segregation ratios which result from the products of crossing sheep that have centric fusions in various mating categories (Bruère, 1974a; Bruère, 1975; Long, 1978b) . It is believed that the normal reproductive performance and the balanced segre¬ gation ratios reported in these breeding data were produced because only balanced gametes took part in fertilization although aneuploid secondary spermatocytes were recorded at significant levels in all heterozygous rams (t" 5-63%; t2, 4-5%; t3, 9-2% (Chapman & Bruère, 1975) ; 6-1% in t" only (Long, 1978a) ).
Although it is possible that centric fusions may form spontaneously in domestic sheep and domestic cattle it is believed that the majority of translocation-carrying animals so far found from population surveys has been derived from a common ancestor (Gustavsson, 1969; Bruère, Chapman, Jaine & Morris, 1976) . It has also been suggested that their increase in most domestic species has been slow but positive, due either to a slight heterozygous advantage (Bruère, Evans, Burtenshaw & Brown, 1978) or to the chance selection of a carrier animal as a sire in a breeding programme that involved a small population of animals (John, 1976) .
The mechanism by which centric fusions are formed and their significance is uncertain (Bruère, Zartman & Chapman, 1974; John & Freeman, 1975;  Kurnit, Brown & Maio, 1978) but it is generally believed that their formation does not mean that significant genetic material is lost. However, the development of an animal population with a number of different centric fusions may produce genetic differences which reduce fertility when such animals are mated back to others of the original or normal karyotype, as demonstrated in the F! of the tobacco mouse mated to the domestic mouse (Gropp, Tettenborn & Von Lehmann, 1970; Cattanach & Moseley, 1973) . A comparable situation to the tobacco mouse has also been reported for the Apennine mouse with a 22 chromosome karyotype (Capanna, Gropp, Winking, Noack & Civitelli, 1976) .
Reduced fertility in the tobacco mouse domestic mouse is probably due to the genetic differences between the species of animals involved (Cattanach & Moseley, 1973; Cattanach, 1978) . Similarly, the frequency of trisomy, with a decrease in viability of progeny in certain strains of translocation-carrying mice may be attributable to genotype influences (White, Tjio, Van de Water & Crandall, 1974a) . Although double translocation hétérozygotes have been reported as occurring randomly in sheep (Bruère et al, 1976) , there is no information on the effect of rapidly combining three centric fusions or Robertsonian translocations into one animal in the homozygous state. Further, it could be inferred from the example of the tobacco mouse that the effects of centric fusions in the heterozygous state tend to be either additive or at least increased. Individual centric fusions in tobacco mice produce quite different levels of aneuploid secondary spermatocyte frequency, ranging from 6-0 (T6) to 29-5 (T4) with individual varia¬ tions (Cattanach & Moseley, 1973) . However high levels of aneuploidy are also consistent with high frequencies of zygotic loss Cattanach & Moseley, 1973) . It is therefore reasonable to propose that, since all three centric fusions of domestic sheep produce consistent levels of aneuploid secondary spermatocyte frequency in the heterozygous state (Chapman & Bruère, 1975) The breeding system and animal husbandry from which the present results were derived were the same as reported previously (Bruère, 1974a (Bruère, , 1975 Bruère (1974a Bruère ( , 1975 (2) and (3) was used as a measure for conception rate and embryonic survival. The difference between (4) and (5) was used as a measure of reproductive rate and can also be a useful indicator of inbreeding depression (Lax & Brown, 1968) .
Cytogenetics, segregation ratios and mating groups The same methods of blood collection, leucocyte culture and harvesting were used through¬ out the 10-year period of study. The same G-band identification method as described previously was used (Bruère, 1975) . In addition the silver staining technique for showing NORs (nucleolus organizer regions) as described by Henderson & Bruère (1977) was used to identify the translocation chromosome in some of the animals with several translocation chromosomes. The progeny of some mating groups were not analysed chromosomally because the ewes were also used for a student teaching exercise, which interfered with lamb survival. Only the total lambs born from these data were used for information on reproductive performance. left unidentified and the number of animals with both the expected and observed chromosome numbers only are given.
Results

Segregation patterns
As the number of translocation chromosomes carried in the heterozygous state by individual animals increases, the number of segregation products among the progeny also increases. There¬ fore in the present data because of the small number of products in some groups not all the results could be analysed. However, sufficient data are available from the majority of the different mating combinations to suggest that the translocations segregate normally among progeny even when both parents are heterozygous for all three translocations. Tables 2, 3 and 4 demonstrate this point and show the segregation patterns from various matings.
In Table 2 (a) a significant deficit of t2 progeny was produced. From the total numbers of animals in the mating group it is perhaps premature to suggest a selective disadvantage for the t2 chromosome. A similar significant deficit of t2 ewe lambs was reported in a previous set of data (Bruère, 1974a) but additional data (Bruère, 1975) nullified such a suggestion. In none of the other data involving the t2 chromosome was such a deficit recorded.
In Table 3 the individual data from each mating group are few but each still shows the clear tendency to the production of the expected proportions of chromosome products and the com¬ bination of the three groups shows no significant deviation from the expected ratio of progeny in Table 5 gives data additional to those reported previously (Bruère, 1975) Table 7 is not as good as the previous results of mating single translocation hétérozygotes (Bruère, 1974a (Bruère, , 1975 )r]
= not significant (1:3:3:1 ratio). None of the products of segregation was unexpected. (Turner, 1969) and the survival of the progeny (Lax & Brown, 1968) . That this effect was becoming significant was suggested by the poor breeding performance of some individual ewes, which affected the result from the group. However, some ewes still continued to produce a high proportion of multiple births. For example one 52,xx,t1t1 ewe mated over 5 years was dry in 2 years and produced single dead lambs in 3 years, while another 52,xx,t1t1 ewe was bred success¬ fully as a ewe lamb and produced 9 live lambs in 5 matings. Similarly, one group of 8 52,xx,t3t3 ewes mated to a 51,xy,t,t2t3 ram in 1978 produced 14 lambs (175% L^).
Accepting the bias against the performance of the translocation sheep, the data from 118 homozygous ewes (Table 7) , when combined, produced 98-3% LWM which was better than the New Zealand National Flock performance of 93-87% LWM for 1967-77 and better than the performance of the commercial Romney flock husbanded under similar conditions at Massey (Table 10 (e)). The number of dry ewes from the combined data in Table 7 was 9-29% which is higher than the national average for Romney stud flocks (Quinlivan & Martin, 1971 ). (a) 52,xx,t,t, 52,xy,t,, 52,xy,t,t" 52,xy,t3t3, 52,xy,t,t2, 52,xy,t,t3, 51,xy,t,t2t3 (b) 52,xx,t2t2 52,xy,t2t2,52,xy,t2t2, 52,xy,t,t2t3 (c) 52,xx,t3t3 53,xy,t,, 52,xy,t,t3, 52,xy,t3t3, 51,xy,t,t2t3 (d) 52,xx,t,t2 52,xy,t3t3, 5 l,xy,t,t2t3 (e) 52,xx,t,t3 52,xy,t2t2,51,xy,t,t2t3 (0 52,xx,t2t3 51,xy,t,t2t3 (g) 51,xy,t,t2t3 54,xx, 52,xx,t,t" 52,xx,t2t2, 52,xx,t3t3 (h) 51,xy,t,t2t3 53,xx,t" 53,xx,t2, 53,xx,t3 (i) 51,xy,t,t2t3 52,xx,t,t2, 52,xx,t2t3, 52,xx,t,t3 Ü) 51,xy,t,t2t3 51,xx,y,t2t3 (k) 52,xy,t,t2 53,xx,t" 53,xx,t2, 53,xx,t, The data in Table 9 demonstrate the fertility of sheep with 49 and 50 chromosomes. The breeding data from all these animals derive from matings of 7-and 18-month-old ewes. Table 10 is a summary of the lamb losses of the mating groups described in Tables 7 and 8 and shows the relatively low 'genetic potential' of the animals used, due probably to the factors described pre¬ viously. It also emphasizes that the main lamb loss was in the perinatal area, the majority of these losses being due to dystocia although the flock was very closely shepherded, as explained previously (Bruère, 1974a) .
Phenotypic anomalies
In previous work with the tobacco mouse a decrease in testis size and spermatogenesis has been recorded (Cattanach & Moseley, 1973; Cattanach, 1978) . In the sheep odd anomalies such as hour-glass testes (Bruère & Mills, 1971) and segmentai aplasia (Bruère, Chapman & Wyllie, 1972) and testicular hypoplasia in one ram (Long, 1978a; A. N. Bruère unpublished data) have been reported in translocation-carrying sheep. However, in the present study of 1995 progeny, less than 1% of obvious phenotypic abnormalities were observed. These included severely under¬ shot jaw (1), wry neck (1), hour-glass testes (2), freemartin sheep (2), unilateral cryptorchids (6) and cleft palate (1). Several lambs were born showing signs of chorea which was diagnosed as Hairy Shaker disease which is caused by a transmissible agent.
Discussion
The extensive occurrence of centric fusions in domestic sheep has led, as for other species, to much speculation about their significance. The data presented here, when considered with previous reports (Bruère, 1974a (Bruère, , 1975 Long, 1978b) (White, Crandall, Raveche & Tjio, 1978) the rapid combination of translocation does not significantly affect the random segregation process of the individual translocation hétérozygotes.
As in previous reports of sheep carrying fewer translocation chromosomes, good conception rates and an average breeding performance were recorded. In no instance was there a serious fall in fertility as has been recorded in the ¥l of the tobacco mouse domestic mouse and the Apennine mouse laboratory mouse (Capanna et al, 1976) . Pending the analysis of the triple hétérozygotes (t1t2t3) for levels of aneuploid secondary spermatocyte frequency, it would appear that although this may be shown to be higher than in single hétéro¬ zygotes (Chapman & Bruère, 1975) it does not lead to production of aneuploid zygotes. It should, however, be emphasized, that as in mice (White et al, 1978 ) the levels of aneuploidy in individual hétérozygotes need not necessarily correlate with those of the combined hétéro¬ zygotes, although in many examples an increase has been described Cattanach & Moseley, 1973) .
There is now little or no evidence to suggest that, in translocation-carrying sheep, aneuploid gametes are either formed or take place in fertilization and the previous conclusions (Bruère, 1974a (Bruère, , 1975 Long, 1978a) of their elimination during spermatogenesis is even more strongly supported. Roosen-Runge (1973) (Mayr, 1963) . The number of reports from several countries of the unimpaired mating which takes place between different species of sheep with different chromosome numbers (Nadler, Lay & Hassinger, 1971; Bunch, Foote & Spille«, 1976; Y. Sharipov, personal communication) further supports this conclusion.
The absence of increased numbers of obvious phenotypic anomalies and the normal concep¬ tion rates suggest that it is highly unlikely that embryos trisomie for any of the 3 translocations have either been formed or developed. This was confirmed in one study on t, blastocysts by Long (1977) which showed no evidence of trisomy in 102 13-18-day blastocysts and an equal segregation of t1 and non-translocation homologues. In mice gross abnormalities attributable to trisomy resulting from the non-disjunction of translocation chromosomes have been reported frequently. White et al (1974a, b) demonstrated a high incidence of early fetal death and cleft palate as a result of trisomy 19 in the laboratory mouse. Similarly, Gropp, Giers & Kolbus (1974) produced mice trisomie for chromosome 4 with exencephaly and marked fetal hypoplasia.
The successful breeding of sheep with 50, 49 and now 48 chromosomes confirms the remark¬ able stability of the sheep chromosomes. This is reflected in the cytological similarities of the chromosomes of bovids which in general have uniform G bands and C bands (Evans, Buckland & Sumner, 1973; Buckland & Evans, 1978a, b) , and in four species, sheep (Ovis aries), cattle (Bos taunts), goat (Capra hircus) and aoudad (Ammotragus lervia), the nucleolar organizer regions (NORs) are homologous (Henderson & Bruère, 1979) . It now seems clear that the presence of at least 3 stable centric fusions (Robertsonian translocations) in domestic sheep, even in triply homozygous animals (2n = 48), is in no way detrimental to either the individual or the population. The mere persistence of such a polymorphic system both naturally for probably 100 years or more (Bruère et al, 1978) and experimentally gives weight to the argument that future investigation of such systems in domestic animals should be to determine their genetic meaning. In no way should they be eliminated arbitrarily from our animal populations on limited veterinary hypothesis.
